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(57) A substrate, which has a high thermal conduc- 
tivity material layer having a thermal conductivity of at 



least 10 W/cm-K and which has a cooling medium flow 
path on or in the high thermal conductivity material layer, 
has a high heat-dissipating property. 



Fig. 



BM 184 4?Q A1 



Fi eld of the inventio n 



10 



15 



an 3 a emea.-meun.ed device eempas.ng lee auW«to • , [ arge halting density seen as a senaeer,- 
pre sen, invea.ee is eeileble l W m 7'^" d "°JX.td a a^e eulpul samicendador laser. The aiamen. raa, 

Related Art 

[0002] Asemiconductorlaserused^ 

of a long distance transmission and has a rap.d y increase ^ ^ h 74 sabi|ityperaunitarea of the semiconductor 
processing speed of an information r^^^SK^ an increase of an evo.ved heat per unit area 
element contained in an apparatus is rap.dly increased. ^' s ™ rt draws attention at the design of 

"he semiconductor device. The important .of ^^^Z^o, temperature and the change of the 
, the substrate. The above element requ.es to ™ » e ° e "Sed wave length. . h 

element temperature causes, for example J ^^SSSa package has the problem of heat dissipation when 
[0003] The material such as alumina, which .s mainly usee or , p a ^ re8 

diode and the like. . inati nh substrate should be finally exhausted by transmitting the .heat 

10004] The heat transported by the heat-d.ss pating subst rate shOU J ^ e|emen{ js |arge> a maten al 

o externa, air or cooling water. When the ^^^^"^Sy dissipating from the substrate a large 
having high thermal conductivity must be used and ' « '•'"H"™ material For this purpose, it is proposed to increase 
amount of the heat transmitted from the high ^^^Cthe fins or the coding pipe to the back side of 

■ a heat-dissipating area and a heat-d.ss.patmg eff aenc . , e tQ prevent the adaition of a surplus 

the substrate. When the coding pipe « J^^^f^ efficiency than the coding pipe. The develop- 
thermal resistance at the attached part. ^ the low 9 ^ |S requlred 

me nt of the substrate having the high heat dissipation P^^aor element, particu.ariy LSI and the deve.opmen 
[0 005] The improvement of a processing "P^^^S are astonished. Because of the improvement of 

5 ' of a mount technique of a portable information P^ 8 "^™^^ tne chip s cannot be neglected. In addition, 
the processing speed of the LSI. a signal ^^^^^ase of the mount density of the LSI. 
the needs for the portable information ^^^ZS^ must require two contradictory requirements, one 
[0 006] The mounted substrate sating the ^V^^^^^^^^torenu^Bmem 

. - Modu,e) is deve,oped t0 be 

property However. A.N has a heat conductivity of only J Wte 

elements having a higher evolved heat ^^^J^S,.^ a coolant is passed through a structure 
.,5 [0 008] Japanese Patent Koka, PUbhca .on I Mo. 27 ^ /1 ^ 2 ^ cjrcuit substrate comprising diamond. However. 

rrr h ^ • 7 psth is spart ,rom a center part of the 

^.lichi^uppoL to have a highest t.mperatura increasd). 

, 0M9] Tte — eH„e piesen, app^a --^^3^^ EZZXtZZ 



materia' 
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materia, having a therma. con^^J^^^l T ^P™" 9 8 ° f 3 hi ^ h thermal conductivity 
for passing a cooling medium is provided on the h Q ZZTr , ™ 3 b3Se material wh ^ in a tew path 

the base materia, and the high ^rnJ^^ h „^ 1 ^^ t "** in,erface be ^en 

heat density of at least 1 WW is mounts nn tL hf„K , 1 ' eaSt 0ne neatin 9 element having 

a maximum 

device comprises the substrate formed from the to!SHTf:! ma,erial ThS e 'e™nt-™unted 
the element mounted on the substrate h,gh ,hermal conductivity material layer and 

material having a thermal conductivity of at leastTo Wcm' K ' P * mad6 ° f 8 ^ 1hermal cor >ductivity 

-Xm^ 

of at least 1 0 W/cm-K, and at least «^ S^T^T? ^ ^ * ^ 

on the substrate. 9 ment having 3 ma)amum h ^ density of at least 1 W/cm 2 is mounted 

El onet: P^Te^^^^ -7 - J- .0 piled substrate, wherein 

conductivityofat least 10 w/cm-K, at .east one element Amounted on C ° ndUCtivity material havi "9 a thermal 

between the e.ements is positioned on or in thfsZ^ 

100151 ^ P~- ^nt ion proves a me «hod of prepay a substrate which comprises *eps of 

a) conducting a laser light treatment on one main surface of a niata 
having a therma. conductivity of at least 10 W/cm-K to form 1^ 

surface, and /Cm K to form a flow P ath for passing a cooling medium on said 

b) adhering said treated surface to a base material. 

The present invention provides a method of preparing a substrate which comprises steps of 
a) conducting a laser light treatment on one main snfuo, nr= 

having a thermal conductivity of a, , 0 a S , 10 wZk to ta a t T,*' " 9 " "»«*«*% ™'arlal 
■ surface, and ™ 0m K lo fom1 a "°» Path for passing a cooling medium on said 

%TllyTJZ:Zt^™ m ° CO "*" ,Si " 9 8 **» materia, having a therma, 

Kare^ 

a, a, leas, ,0 VWcm-K to form a ^Sr^" "rSTr^^^ ' — '~ * 
.0018) The presen, Invention provides a meOtod o, prepanhg a suhstnate «ch comprises steps o, 

a^rrcond^ 

h8Vi " 9 "° "~* W 8 *°" P8 ' h '» — • ■ medium, 
d) adhering the etched surface to a base material. 

[0019] The presen, invention provides a method of preparing a substrate which comprises steps of 

a) forming a groove on a plate material 

b) growing diamond by a vapor phase deposition on the plate material 

d IT™*!!* P ' a,e ma ' erial '° 9iVe 3 9r ° OVed -If-standing diamond' film and 
d) adhenng the grooved surface of the diamond film to a base mat JS. 

[0020] The presen, invention provides a method of preparing a substrate which comprises sleps of 

a) providing a mask on a base material 

b) growing diamond by a vapor phase deposition on the base material and 

c) removing the mask ,o give a now path tor passage of a cooling 2 Jm 
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•„ ™thod of pr&paring a substrate which comprises steps of 
(0021) The present Invention proves a method of prfepa g 

. — — 

f00321 Fig. 11 is a. schematic plane view o c . f ence of flo w path. 

Sh a high thermal ^T^.^S^ substrate according to the present invention. 
l0 03 3] Fig- 12 is a cross-section., ^^^^ device of the present invent^ 

- is 

35 DET^DDESCR^^ • 

[0037] . The present invention will be explain jnvention _ tne nign tner mal conductivity material layer £ 
0038 in one embodiment of the substrate of the q channel) for passing the coding medium , (or 

aminated on the base material, and the groove (name** flew ^ ^ hjgh thermgl conducllvlty 

40 etog ant) is formed in high thermal conductivity mat e|ement such as a semiconductor element 

" n Uayerand the base material. The [^^^^ t 7 an smKted into the high thermal conductivity mat *"*"^ 

r sci^^^ medium passins thr0U9h ,he sroove 

emperature can be significantly decreased, thecal ^ucX J P ^ djamond _ syn(het|C d d 

aZst lOW/cm*. Specific examples of the high^ deposited (C vD) diamond. These are suitable 
by a high pressure and high temperature methodand conical p ^ ^ n h 

tor the high thermal conductivity materia, layer When d - P be obtajned at a che ap price. The thermal con- 
50 he ma. conductivity materia, layer having a re,at '; e ^ a ^^ n Lctivi ty of diamond decreases, as the temperature 
duTvity oenerally depends on the tempera.ur s J Ua[e mounting a usual element (for example 
increases in the range above the room temperature Jnth. ««« mounted elemen t is at most between 

an electronic element such as semiconductor e lementV ^eW * conductivity of a , leas 

ToC °C Z 200°C. and the high thermal conduc^ty conductivity material layer is preferably a 



EP 1 154 476 A1 



1 x 108 Q-cm, more preferably al least 1 x 109 Q-cm 
[0040] n •■- 



depth of the graove disadvante^ ^1 ^ 8 T™*? ° f ^ heat 6XChan9e but ,he ver V 'arge 

« at leas. 20 pn, more preferably eas ^ XtS ^ ^ ^ (C) ° f ^ ^ ' S Preferab,y 
at most 80 %, for example at most 70 % ofZ" HT f 9 ° VS '* preferab, y a t most 90 %, more preferably 

of the groove gives the C^e^ The .arger width (a) 

efficiency due to the decreased numh„ n ?k effic,encv ; bu < the very large width gives the smaller heat exchange 

matena. y The space (b) be"e en Zgrwesit XZZZ *" ° f the K 

- disadvantageously gives the poor X^e width ZZZ™ * ^ ^ ^ ^ ^ ° r Sma " s P ace 
preferably from 20 urn to 10 mm more oreferab. S ?n ^ 9r °° Ve and the s P ace < b > b *ween the grooves are 
(a/b) of the width (a) to the sp JceTb) hasT^Tow^°l ? ° k™' m ° St Preferab,y fr0m 50 ^ m to 2 ™- The ratio 
preferably 50. moLWfer^ ™ r « P^rably 0.04 and the upper limit of 

Sxh~rr^ 

plicated shape. In one substrate the values of a h LTl reC,an ? ular and ma V be a semicircular, semioval or com- 
The ratio of high then™, condu^Zi s^™^""* T 56 * «»» — «*.• 

10 to 80 % of the surface area of high thermal conduc ml f , * the A Sroove ,s usual, y 2 1° 90 %, preferably 
» s^aceofthegrooveandthelinenomU^ Aari 9 ,e A-per angle) between the side 

[0042] The groove for passing the cooling SumZ b su»S ale ; a,,a y ersurfaceis P^-blyatmos.30o.. 
element such as the semiconductor elememmounted on th^ Uuh!^ T l ° <he P ° Sition of ,he heatin 9 

having the highest temperature caused by"rited h a C^S^ ^ ^ *" 3 ^ 
requ.red.to have the lowest temperature is most effectively col* th sem.conductor element or a part 

of the cooling medium passes through a part C^ot ^m^! °T? !! P ° Si,i ° ned S ° ,hat ,he ,ar 9«t amount 
by complicating the cross-sectional shape of 2££ so as to ESSE" rf C °° ,in9 Can be increased 

■: an inlet for the cooling medium has a high cooling efficiency SnceTh ™ surfa - area of the groove. A part near . 
Accordingly, when a heat distribution of the heatin ^etement ^uniform I, 9 7*™ hM ** ^ ^P^ture. 

rm 3 P , e> t 

the high thermal conductivity materia. ^^SS^2iZ^T d 'T"" * by hea,in9 

oxidation atmosphere (for example, in an inert gas ^^n^JL'T"' {f °< e *™^ 1 h °") - a non- 
on the surface of the high thermal conductivity other .groove anri ^ w n ° n - d ' amond «W is also formed 
polishing process). The presence and absence o the nnn h f, non - d,amond la Ver can be removed by a 

[0045] Wettability of the groove sZ^byZL^Z'^ T ^ * by Raman spectroscopy. 

65=. more preferably at most 60° 8^8^^.? " ^ ^ * CM ^ iS USUa,, y a ' most 
medium such as water in such state. ^U^ b^^X^^ T 7 ^ ^ ^ ^ 
substituting the hydrophilic group having the ImSf^v 7«u ° f ^ diam ° nd SUrface ^ by 

[0046] In order to increase Mhe wettab»itv -of Z o!! I T" ' 9r ° UP) f ° f ' he hydr ° 9en a,om - 
to the 10 hours in an oxidation sl^^e ^e^T^^ * 5 °°' 800 ° C ^ 10 ^ 

oxygen or a gas containing oxygen I, n ^ S u P pose<^ n^ZZTZT enW ° n ™ n » or by a p,asma of 

plasma is used for the formation of he groove bu the In ' h '" C pr ° Per1y ,S Somewhal in "eased when an oxygen 
[0047] The process for improving he we^abX of " orLvf *T T ^ C °" M 
ireatmen. in a gas containing'nilrogen. boron or ineri gas ' ' * ^ C °° iin9 medlum inC ' Udes a P^ma 

adSC^o^ ' a Ve;;s adhered ,o the base materia,. The 

from 0.01 to 10 Mm. Alternatively, the adhesion ma Z conltl, Z S me,a ' oradhesiv « 'ayer is usually 

tberma, d tivity materja( ^ ^ ^ * ^ ^ -«» .be hig^ 

-^S(^ m ^r^ B ' A '' A9 ' Tl ^ W ' a ^ a »- .hereof aod a 

[0050] The base material may be for examol? in*ni*iu,* t^u 

^,nr *rr ,rom °' mm * be a 0,a,e - The °- 

SSLC^'Sr iS m ° Un ' e<l " ^ SUbS " a ' e - e ' emeM iS on , h0 hi9h th4rraa , 
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Sd - th- « «np-» '™ 2 £££££ Howaver. in ft. presen, invention, .he wave 

,he wavelength of the semiconductor •^*"*^ , ™ inent has n o increased temperalure, 
iength neve, shifts to the longer wave length .no. the e a ^ ^ ^ rf ^ coo „„ g medlum a , the 

[00541 Hereinafter, a method for preparing ^ h 8 " b ^oondu^ivily material layor Is explained. 

Sd£--= 

a laser light or by a selective etching. the )aser ligh , on the material surface i to 

0056] The laser processing composes hav ing the arbitrary positioning can be obta neo. 

orm the groove on the surface. Accordmg to th, pracess the 9™° J conduct ivity ma tena. and 

laser light having sufficient energy dens.ty ,s focused on ^suna exgmples of the 

[0057] The wave length of the laser light .. preferably at ™f™ . ^ an enefgy d t per 

of the irradiated light is usually from 10 to 10 W/C ^.f ^X^ence of the laser light generated from the laser 
one pulse between 10- J/cm* and 10 /cm* ,s pre era of the laser light is preferably from 10- > nm 
generator is preferab.y from 10-2 mrad ,o Sxl0 1 mn * ■« 3 baI ] Qf ^ , aser light is preferably at roost 10 /o. 

ta 1 nm. A uniformity of the energy d.stnbut.on ,n * h ^ e ^ rOSS b „ ^ indrical , e ns or a cy.indnca. m.rror. 
Good process results can beobtainec .by ^J^^^J the processing in the suitable atmosphere can 
[0058] In such groove formation on the surface by the ««™ " J tne cooling med ium. For example, the 
I U the diamond surface, and can improve^ ^^^^ ^pound (for example, ammon.a or hy, 
above processing in the atmosphere fJ^S groove to increase the hydrophilic property 
drazine) can give the amino group on the urface ^^^ ucted as follows . After a suitable mask ,s formed 
f0059] The groove formation by the etch.ng process can be «>" condition that the mask ,s not 

on he high thermal conductivity material layer, the treatment ,s removed t0 give the high thermal 

c ed and only the high therma, «^^J^^^^m mask materia, such as Aland Si0 2 
conductivity materia, layer having the groove on £ ™££ " 5 g gas fining oxygen to form the groove 

3 conductivity material layer. ^ a *«nal laver to the base material can be conducted by a 

0061] lie adhesion of the high therma. "^^^^uteed by a conventional procedure and the 
metallization treatment or an adhesrve ^^^^^^^ treatment are Ti, PI. Au. 8n. Pb In. Ag 
metal may be molten. Specific examp les o f the metah e « h ^ ^ ^ ^ ^ o(her 

and the like. The adhesive (for example. Ag/epoxy. Ag/poiy m 

a method may be used. The thickness of he adhere aye sua ^ ^ ^ ^ 

[0062] When the high thermal conducfiv.ty ma ena. layer s d,a P |aser ^ ^ proces£ Thls 

elective growth using a mask can be used to form th 123423/ig89 . A mask materia, is posrt.oned 

disclosed in Japanese Patent Kokai Pubhcabo N - 1 476 1/1989 a ^ ^ ^ ^ 

on the surface of the base material (for example ^ . ^ ^ ^ djamond in the 

50 the desired groove, and diamond ,s depose ted by the d em .ca> p P ^ ^ ^ ^ surface q{ ^ 

vertical and horizontal directions by deposing a resu , tant diamond has the groove on the 

material. After the base material « ^^'^T Mo or the like may be prepared by a conventional procedure 
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« ™ie«, diamond Is 3 ,ow„ on ma toe «T toa" , ^ " P ° Si,i ° ned °" lhe b ™ 

to giva the subside havino .h. o™. Z n" " _ _T VS ?" as <>° slli ° n and °"ly toe mask is dissolved 
base materia, and diamond ? According tc this ZlZ V" ^l**™"* at the interf ^ between the 

the etching can precise* form ^fSZ^f^LZ^r ^ ^ ma,eria '- ^ me,h0d USing 
The method using the selective arowth tft*mrt*5 ^ 9 4 Process.ng can rapidly form the groove. 

[0066] ,n the other ^Z^^^J^ T "S* f °™ reta ^ 9™ve. 

is surrounded by the high thermal conduc ^Ta.^^a.^V ^ ST ^ ° f ,he "° W P3 ' h 
'5 conductor element positioned on the substr^Tt™ « ! fr ° m the hea " n9 e,ement such as a semi- 

Sre r T^r 3 ? ? S 3 ^ ^ ™* — *• — t tern- 
as large as possible, and s aHeas, 10 W/cm^K r ^ T therm3 ' m3,erial is P refe -b,y 

o are nature, diamond, synthetic S^^ B ^^^ t ° f ,he **» ,hermal conductivity materia" 

diamond. These are suitable for the hfa therm* ^ r ! . 1em P^ature method and chemical vapor deposited 
deposition, the high then^ : S^^^^JEHlSrr L ^ "'T by ,he ch --a« vapor 

thermal conductivity generally depend Ton SelSi^Z?^^ 8 ^ ^ ^ ° Wa,ned 3< 3 Cheap P rice " The 
temperature increases in the ^^Z^S^^i^ T? ° f deCre3SeS ' as ,he 

(for example, an electronic element such Js^c^^'lS? <k , 3 USUal elemen < 

most between 100°C and 200°C and .hThtolv hS , ^ °' * tem P erature of th * counted element is at 
at least lOW/cm* Inltfcte^SiJ^^T conducbv.ty materia, preferably has the thermal conductivity o 
at.east 7 0,m.TheuS^ 

at most 90 % more preferab lv a. mos^'oT f ! 5 ° ^ The he ' 9ht (c) of ,he flow Pa* is preferably 

(a) of the How path ^ IX-^J^SLT T! 1° % ° f SUbStr3,e thiCkneSS - ^ be '-9- w dth 
. smaller heat exchange ^^^1^2^^^^ 7* T T"* * Bd ™ te Seou* *"» the 
substrate. The space (b) between the floTpal^n ^ W ' maintainin ° the s »™g,h of the 

space disadvantageous* gives the poorTesuTs Th^id* ^ofTT " '"^ W ' dth ' ^ ,he VerY ,3rge or s ™» 
paths are preferably from 20 pm to 10 «p,S£ ? 0 ?I ^ ^ a ° d the Sp3Ce be,ween *» *™ 
The ratio (a/b) of the width (a) to the space (b) has ti? ,™ . 7 , T 5 mOSt Prefer3b ' y from 50 ^ m ,0 2 
upper limit of preferably 50. mo e preferably 25 The ratio ../A 71 " iT^ °-° 2 ' m0re Preferab, y 0 04 an ^ «he 

^r y Th? 0 5 D r e preferab,y 01 and 1 ^o^^i^^ has - — « - 

area when viewed from'a JZ^JZ ^ ^ ^ 

SsthrrcorureTeZ 

the highest temperature caused by th^oZ^^^S^ k T " P fbmed S ° th3t 3 par1 haviri 9 

to have the .owes, temperature l^t^^^Z^?? if SemiCOnduc,or e,e ™' » a pan required 
cooling medium passes in a part ^ 50 ^ «- amount of the 

Plicating .he cross-sectional shape of the flow path so as to inc^'inn ? h ? V ^ ' 6 inCre3Sed by com " 

an in.et for the coo.ing medium has a high cX efficient since he cLZ ^ ^ ^ A ^ ™ 

According, wh en ,he heat distrihution o^the heaS. Z. Z ^^^^^S^ 
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a spiral or radial shape. sample qraphite or noncrystalline carbon) hav.ng the tnwK 

[0071] A layer of non-diamond carbon The non-diamond layer can be prepared by 

ness of 1 nm to 1 P-m may be present on the surface of the flow pat^ ^ examp , e> 1 h } 

a«ng the high therma. conductivity «*• «» n0 ^ ,Bm ° nd T ^ ed 

in a non-oxidation atmosphere (for example. ,an« ^S^flowpath. and the non-diamond laye^ 

Sfe WettabiiityofthenowpathsuKacebytheco^ 

lit M - . more preferably at most 60° Since b^«^« ™' ° f < he diam ° nd " 

medium such as water in such state. It .s poss.ble to i^ase YP for ^ gen atom . 

Tub muting the hydrophilic group having the ^^[^ceX flow P a5! is annea.ed at 500-800°C for 10 
[0073] in order to increase the wettab.hty of the flow path surta environment) or processed by a 

SLLbon. liquid nitrogen, liquid oxygen and .qui a nolium. e , eroen| , for e<8mple , . s.rrfconductor 

,0„W] TT,e elemenl used in Ihe F-esenl .nventon - be ^ i se, m» „e element is eftaently 

ES.PU (mooprocesso, unit) end ^^^l^Z^L^ nas In. inereased temperate 

r=or,== 

ductivity material is explained. n(sr fn«rtlna the substrate to form the flow path by the laser process 

?0078] The substrate can be prepared ^^^^^^ film and attaching said f,.m to another film, 
and the like. The substrate can be prepared by formm , he groo materia , naving the des.red. shape >s 

" - high thermal material fllm to . second high therm, conducflvity 

[0 080] A method of attaching a materia, film has a groove forming a flow path 

'material film is explained as follows. The firs h g h thermal co ^ materia, is prov.dec hn a 

and the second therma. ^^^^^J^^S, materia, fi.m. the flow path, which is then embedded 
desired size. On one surface of the first h.gh therma conducbv ty b 

the fin, substrate, is formed by a proce^O m ethod us no ser £h ^ ^ ^ materjal 

[0081] The laser processing composes ^^Xflow path having the arbitrary positioning can be obta.neU 
i lorm the groove on the surface. Accord.ng to lh« P ° cess ' the ^ of lne nign therm a. conductivity matena. fi.m 
The laser light having sufficient energy dens.ty s focused l cm _m ^ ^ examp)es 

and the focused position is moved wh.le ^XTe^esX preferable, since the groove having the arb.trary 
of the .aser light are YAG .aser and ^^^^ ^e processing preciseness. 

height and position can be reproduct.ve.y became o f t p ^ ^ ^ nm Jhe energy d ty 

5 [0082] The wave length of the .aser hght » p efe ably at ™ st ^ „ nas an ener g y dens.ty per 

o, the irradiated light is usuai.y from 10 to 10 W ^£^Z^cb of the .aser fight generated from the laser 

one pulse between 10- J/cm* and 10 e a e^Th d ^ ^ ^ ^ ^ ^ fy ^ 

generator is preferably from 10-3 m , ad to 5x10 ™f ea ™ cross . section o{ the .aser light is preferably at most 10 %. 

to 1 nm. A uniformity of the energy d.stnbut.on ,n the i beam ^ ^ ^ g ^.^ mirrQr 

, 0 Good process results can be obtained »<™^^^ T %J. the processing in the suitab.e atmosphere 

,0083] in such flow, path formats or, ^^ 8C ^J^S lty of the surfa ce by the cooling medium. For example. 

can modify the diamond surface and c « "^E^n am no group-containing compound (for example. ammon,a or 

,he above processing in the ^ he 'XTZZ of the formed flow path to increase the hydrophilic property. 

hydrazine) can give the amino group on the surface of the o conducted as follows. After a suitable mask « formed 
55 [o'oBA] The flow path formation by the e c h-ng P^^f^^ under the condition that the mask is no 

on the high thermal conductivity mater,, he a Tnen the mask is renwd to give the first high therma. 

£^» h arSCT - - -wn that the mask ma.eria, such as Al and S,C 2 . 
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[0086] Although the method for providing or! the th 9 ^ conductivity material layer, 

explained in the above, it is possib.e that the g oov e is ^J^L™*^ m3leria ' fihn Wi1h ,he V™" * 

-^onductedbyameta^ 
" bona, procedure and the metal may be molten. SpeiJteSl^?^.?^ ™ Y * me,a " i2ed by a conven " 
71. Pt. Au. Sn, Pb, In. Ag and the like. The Bdhert^SSJ^ f " ^ me,a,,izali ° n batmen, are 

wax and other adhesion method may be used The wSS'tteS^' A f °' yimide and A ^poxy) or Ag-based 
10088] When the high thermal conductivity Wan nXZS^^^J?" ' S USUa " y fr ° m 0 01 to 10 ^- 
ess. the selective growth using a mask can , be usJd form mtT by the Chem!Ca! va ^ r de P°s'«°n proc- 

» This is disclosed in Japanese Patent Kbka.S^^^o^^^^ 8 ,3Ser °' etching process, 
atoned on the surface of the base materia, (for exempt Si i SiC Cu Z J 23 423/1989 " A mask materia < Po- 

to the desired flow path, and diamond is depose 'J^^ ^> ,n ta l^«n«W^ 

the vertica. and horizontal directions by dep^J^^^^^"™- M this time - ««"mpnd grows in 
. material. After the base material is removed, for exampte disced T ™? TIT ^ Wh °' e SUrf3Ce of ,he «»« 
» surface facing the based materia,. The mask madeof Ts ^12^^!^ d ' am ° nd haS ' he "° W > ath ° n ^e 

vap 0r deposition. After diamond having the desired thickness t aZn f h °T? 00 P ^ mat6ria ' by ,he chemical 

since the adhesive is absent ' ^ heat - dlss 'Pat'°n efficiency can be further increased 

[0092] A hole is formed in the resultant substrate by a perforation nr^c 

prepared during the preparation of the substrate, for Jxe^ZTseL^l "Zl * ^ ^ ^ h °' e Can b * 
w,nng may be f„ rme d in the hole and on the substrate. A pKiy 0 f h sl^ZlT "2 " ThG e,ecfrical 

to g.ve a semiconductor device. The wiring in the hole conducts Z l! , ^ ,he e ' eCtrical wirin 9 are piled 
number of the substrates in the semiconductor device ^^T-^ST^T^ ^ subst ^ The 

for example, at most 50. The cooling medium may pass from !~Zn< ,h ° ^ ™* be at ™*< 200 

surface of the substrate, through the'ftow path of LTsubs^.e * Sm ^°< de -e. for example, a side 

0094 ^I^chemaT 0 ",' 3 il,US,rated ^ f ° the attached Swings 

. J r '9' 1 ,s a schematic pfane view of a grooved hioh IhPrm^i ™^ 

-nvention. The high thermal conductivity materia. 1 1 ha a ToZnTnTT T** ^ 10 ,he 

•nterdigital. " n3S 3 9roove 12 ,n tn e form that the surface having no groove is 

[0095] Fig. 2 is a schematic front view of a heat-dissioatino cnhct^. 

dissipating substrate 16 comprises a high thermal £S2^^^?* *» T« ^ 
layer 15. The base material 13 has two gates 14 for the coolino ITh ' 856 ma,er,al 13 and a - n adhesive 

oHhe gate 14 in the substrate 13 are no, limited For exampte XaSlT, 6 ^ 

of groove may have the gate for the cooling medium P * SUbSlr3le ^ponding the bo,h ends 

f 009 6 ] ^3isaschematic P ,aneviewofah~^ . 
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15 



^ hig H tnanoa, conductivity ^^"X'KS--,-* 1 *" 

from the present Invention. A substrate rnnductivity material according to the 

and has a strong peak at 133J cm - conductivity 
Lena, according to »» P™"" ™ e „ a5 , „ rs , nign mental 

conductivity ntatana, -J S - — 116 ^^"S^^^V"' 

adhesive layer 115. The now P DOsitione d on a mam surface of the : tirsi .nig limjted 

other position and, for example ^JZ^nal fltm 114. The size and nurr.be ^ t inven ,i 0 n 

S^E^ 1» <« ^ lo[m ed in a sodsttata accotdin, to « prasan, invantion. A 
and is the same as the substrate shown 9, • ^ ^ 

in the high thermal conductivity rnatenal 221. 




45 [0109] 



50 



CVD, groove formation by laser, adhesion: ^ ^ by a 

Sp3C 



55 mm x 
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30 
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[0112] , n the groove of .he resu.tan, ^aZuW XZT^ZT^ X™* *" ^ 

thermal resistance between the diamond surface andl , 9 * (temperature: 25'C) was supplied. A 

Example 2 



High pressure synthesis, grooving by laser and adhesion 
75 [0115] 



[0115] Using a lb type diamond (8 mm x 8 mm x f thickness n fi mm , h 

by a high temperature and high pressure method. BQ^Z^^tT T**™* ' " W/cm,K > pre " ared 
[01 16] Cooling water (temperature* 25°C) Q, tnn i^ *u 

ma. resistance between the.diamond surfaced "c^na ^iamond/CuW substrate. In this case, a the, 

[0117] An infrared-emitting semiconductor laser etemenuf L xT n^ <0 ^ °- 02rCW - 

mounted on the grooved diamond layer and th destdTr Z fo med t" ( ° U,PUl ^ " WW > W3S 

foiT£^ 



Comparative Example 1 
AIN, grooved: 



40 



45 



a Kr^cime? ,™ ™ ™ * ° 5 ™' ~ ity: 1 g w/ 

to a CuW alloy film. The CuW alloy film provisionally had gate for °! M J 9r °° Ved A ' N f " m W3S adhered 
AIN (cf Fig. 5). " Y ^ 93,63 for 3 coolln 3 med.um passing through the groove of 

[0120] In the groove of the resultant AIN/CuW ^.hctroio ( k„ 

thermal resistance between the AIN surface a l e co o J ^ater was' T* 25 ° C > was supplied. A 

[0121] An infrared-emitting semiconductor lase eternal M mm xTmm x o"^ w* 

Comparative Exam ple 2 



CVD, no groove: 



-:=:T,b=^ 

was blown orf ,he back surface of fbe subs.rateL =™ «,™ n T ^' * h8vin » » "-"Pe-alare of 25-C 

lengib fo a fonge, wave lengfb was observes ° SCI " E " e °'' * Qraoual »' ° Seated wave 
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CVD. very narrow groove: f 10 mm x 10 mm x 0.5 mm (thermal 

101251 Ac^vapo^.*^ 

[0129] Results of Examples 1 and 2 and uomp 

Table 1 



20 



25 



30 



40 



45 



High thermal conductivity 
material layer 



Thermal conductivity (W/ 
cm*K) 



Thickness (mm) 



Groove width (a) (mm)_ 
Groove space (b) (mm) 



Groove depth (c) (mm) 



a/ta 



Thermal reeistance^C/W) 




Annealing In sir: Example 1. After the 

grooved diamond/CuW substrate. The thermal 



* isna Urns. 



ED 



55 



Annealing undet vacuum: ^ ^ . ^ 

[0132] ^^^^SS^^^^""* 

fllm was annealed ^-^^^ng the non-diamond carbon was observed. ^ 
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length) was not observed for a long time. os *»ated. A change (particularly, a change of a generated wave 



Example 5 



10 



I0136J While cooling water (temperatu"™?.^" £££ leCh "' <,oe w " h ,h « P-aparation of (he suitable wiring, 
d.vlee was operated. The Sn^^^^^^-^^"-*^ 



Example 6 
'5 [0137] 



20 



ther™, resist b e.ee„ „ aL^SE -^^^^ 



25 



Example 7 

CVD, flow path formation by laser, adhesion: 



30 



methane 1 %-hydrogen system> a pressure Qf 8Q ^ Sma * ta^LSS. ^ . * ^ C ° ndi,i ° nS inC,uded 
300 hours in the case of one base material and for 20 hour l^se^T? * ^ ^ ,he 9rOWlh for 
was polished and the Si base material was dissolved in , an Zl * , , baSS ma,erial ' a Qrow,h ^ce 

a size of 10 mm x 10 mm x (thickness) 3 ^ 2 ^ self-standing diamond films, one film having 
mm. A thermal conductrvity was mea^TtXT^^^n T " ™ ™ * 10 mm * ( thickness > 
to as a first self-standing diamond film) and 6 » W^^?,^^ h ^J^ th '' CkneSS ° f 0 3 ™- referred 
to as a second self-standing diamond film) ™ haVmg the ,hickness of ° ^ mm. referred 

35 [0140] " ' 



40 



45 



50 



55 



of about 500 pm and a apaae of abeut 400 „ AflerTT^ a 9 " 3 <,eP ' h ° f ="<"" ,50 1™, a widlh 

the firs, self-standing diamond film ^J^^IT^Z'ZT'^T^ °" ^ " "* «>™- 
substrate (of. Figs 9 and ,0). The IhioKness of a T. PuZ^l Tl 'n r 9 J 3 ™" """ " V me " in9 Au '° • 
or the oooling medium passing Ihrough the grooved ""' ^ fe «°"—^'« galea 

-~™— 

10143) F.ve substrates as in the above were prepared Five to ten of l «si r^. 

The perforation process of each substrate for the preparation P ^ ° n each substr ^- 

resultant ho.e had a diameter of 0. 1 to 0.5 mm Th e.ec r ica winno oTa ' *** ^ m e ™™ ^ 

[0144] The five resultant substrates were oiled to ofvlT J 9 1 ^ 3nd ° n ,he subs,rs '^ 

have elements having a total hea, thirsts a ZS,^"S?- ^ T'~ f **• C ° U ' d 

prising AIN. y 10,31 neat evo,v ed in a conventional MCM substrate com- 

Example 8 

[0146] A firs, seif-standing diamond f„m and a second se.i-standing diamond film were prepared in the same 



manner 
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10 



shown in Fig. 8 (b). Then, the seco dia mond substrate. mn .mted on each substrate. 

in the same manner as in Example "to gwea* | Five tQ ten of LS , C h,ps were mount on ^ 

toi49] Cooling water (temperature 25 C)wass pp 
could operate without a wrong operat.on. 



15 Example 9 

HPHT synthesis, a flow path formation by laser, adhesion: 



20 



25 



'30 



HPHT synthesis, a flow path formauon u y fafirst seif-standing diamond 

(8 mm x 8 mm x (thickness; u, _ 7 0 n one surface of the first sen swnu y t 

[0 51] Co*, water (temper a.u.«25 « ™ s ^ ^ medium water »™»;"* | ? s 'f»S»»» 



long time, 
35 ComearatiyeJ^ 

AIN, presence of flow path 



40 



45 



50 



AIN. presence ol «ow p-«.. ■ lMness ) 0 5 mm. thermal conductivity: 

Ler element was oscillated. The gradual sh.no . 



C^mp^ajvejxerr^ nM0 mm x 10 mm x 0.5 mm (thermal 

UndJdMV 17 ™'^° S ZZTZ a°e a Wm* resistance was measured .„ re 2.erC* 
mounted on the diamond film to prepare a laser 



55 



20 



25 



30 



35 
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Comparative Example 6 
CVD, very narrow flow path: 

[0160] A ^stself-standingdiamondfilm(si 2 e:10mmx10rnmxn^m m #k 

a second se.f-standing diamond fj, m (size 10 mm ° ^0 mm x 0 IT?' 17.2 W/cm-K) and 

prepared by a chemical vapor deposition in the saZ mlnnT * ' ^ conduc,ivit y : 17.2 W/cm-K) were 
laser was focused in the same ^Z^aZelZo^ ^ ? ' °" the ^ dia ™ d ^. a KrF excimer 
of about 150 urn. a width of about 10 ^ andTspaos o a^QQO rl' ^ h ^ 9 " The 9r °° Ve had a de P™ 

roi s 6i a rr e ,h to : he second se,f - s,andrn9 dia ~ °° ^.^njsssr' first se,f - standin9 diamond mm 

[0162] An infrared-emitting semiconducto ZseTel e ^M 9 W8S m63SUred t0 be 0 32 ° C/W - 
mounted on the firs, self-standing Z^S^t^Zl^ZZ ^ T ^ ^ " ^ " aS 

Example 10 
Annealing in air: 

a.r at 600°C for 30 minutes. Then, the first self-standZ diJZnH n P ° S,,,0ned ,n an atmospheric oven and annealed in 

[01 66] A laser element-mounted device was prepare" in the 2£* ^ ^ m8aSUred t0 be 0 01 °C/W. 

ature: 25°C) was supplied in the flow path T^S^^^T^ 7 ° * C °° ,in9 W3ter < tem P er " 

a change of a generated wave .engthfwas no, o^^on^^ ° SCi " a,ed - A Chan9S (pa * icu,ad * 



Example 11 

Annealing under vacuum: 



40 [0167] A grooved firs, self-standing diamond film and a second self stanrti'nn <-r 

manner as in Example 7. The firs, se.f-s.anding diamon ^w"^'2 ^ inth8Same 

vacuum a, 1.200°C for 30 minu,es. The Raman speedy of ,he 1' T7 ^ ^ Under 
As shown in Fig. 8 (b), ,he peak which shows the nonXmon n^lri* ^^ng diamond fiIm was measured 
diamond film was adhered ,o the second se.f-s andino Imond m ! ^ ,he firSt "Ending 

« a diamond substrate. 9 d a ™ nd fi ' m ,n ,he same ™"™r as in Example 7 to prepare 

[0168] Cooling water (temperature:25 °C) was supplied in the flow nam or (ho , 

s.s.ance between the diamond surface and the cooling melm w^ r T SUbSlr3te - The thermal ^ 

[0169] A iaser element-mounted device was oreZZZ ^thell i0 be ° 01 ° C/W - 

ature; 25-C) was supplied in the now path oTZ su^TZ ZTT" ? ? ^ ^ <* em P- 

- .he change of ,he generated wave .ength) Js To^l, sl^Z 0SCi " ated A ^ (P3d -' ad V. 

Example 12 
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CVD, selective growth, adhesion 



10 



15 



CVD, selective growtn. au.,^... a mask of Ti was formed 



^3rr\eje_li. 
20 CVD, selective growth, adhesion: 



25 



CVD selective growin, auncoi^. ... 



30 Exam ple. 1§ 

Groove formation from a side surface 



35 



40 



,0,77, On a scaled po.ya^a, Si ^^^^ £££ paaaaara a. 100 Tarr. = «,a™n, »< 
cooling water wrt measured to be Q.012-CW. 



Etching: 



50 



55 



\ •, no mnx 10 mm x thickness 2 mm) were provided. Diamond 
l0 i8d] • Two scratched polyoma. Si base matena M10 mm x 10 m ^ grQwth condjtions jnc 

Las grown on the base materia, by a ^JJ^^^aterial temperature of 900°C. After the growth for 
methane 1 %-hydrogen system, a pressor c 8 .To* and ab ^ ^ ^ base g grow1h s rfa e 

300 hours in the case of one base materiel and fo 200 hour ^ se ,(-standing diamond Alms, one film (a 

wa5 polished and the Si base materia, was d,sso ved „ an ac, t ^ } ^ _ ^ {he other film (3 secon d 

first self-standing diamond film) having a s ze o (lhickn ess) 0.15 mm. 

self-standing diamond film) having a s,ze of 10 mm x 1 mm x^ . ^ formed Qn one surface 

81 AnA, mask pattern having a width of about 00 am ^ and a spec ^ ^ ^ 

SthlU self-standing <^£. ^ ^-fco^ for 3 hour, in the condition inolud.ng 
use of a gas mixture of argon and oxygen. P 
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TOPt/Aumm layer wa 5 1 ^ 9 """ bV "' e "" ,a 8,1 Au lay8r 10 a ***"=<*■ sickness of a 



? Example 17 



™Tt^ mm) were Pravided . Diamond 

visionally had a groove having a depth o about 60 nm ! 2k ? . ° ne ° f the Si base materials P r °" 

growth conditions included a LthanTl % tSSjil ab ° Ut 1 °° ^ Bnd 8 SP3Ce ° f about 200 ^ "he 

of 900°C. After the growth, Ig^t^^^^T^ " 8 ° 3 5386 matena ' ,em P^ature 

two se.f-standing diamond fi.ms ffl^SZ a s fe e 10 mm x " ^l? 3 '* ^ h 3n 3Cid to 

diamond fi.m) and the Cher fi,m having aTerf lOmm^lTmrn SJSH™ 7a" ( " ^ "Ir^ 9 
diamond film). Since the first seif-slanrirnn rii am ™w «. , (mickness) 0.15 mm (a second self-standinq 

a depth of about 60 ^ a t "h of TOlToZTJT™ 5 "7*™ *" & ' b3Se ma,eria '- a having 

diamond film. A thermal' oolj, ty wal mea3l oT^W/^? ^ formed ° n * rst landing 
18.2 W/cm-K (for the second sel f-Sng TsZZ iVL) ' Cm ' K ^ ^ '* Btan *« diamond R, ™> and 

[0185] Two self-standing diamond films were adhered to give a substrata mm™ , /. 

supplied in the flow path of the substrate. A thermal resistance be^ee U^^Z h (tom ?' Blu " K ^ W * S 
measured to be 0.01 7°C/W. **»nce Detween the diamond surface and cooling water was 



Example 18 



[0186] Two scratched polycrystal Si base materials (10 mm x 10 mm x fthicknP,^ 9 mm , 

was grown on the base materials by a hot filament assisted JavnTZn * ! J ™ } W6re P rovided - Diamond 
provisionally had a molybdenum fj havin a mIIT^TZZ *** * *" *° 8 baSS materia,s 

conditions inc.uded a methane 2 o /o . hydro 9 en ^ a pressure oT 1 0O^orr a'n ^ * T* ° f 2 ° ^ ThS 9r<W,h 
perature of 2.100'C and a base material temperaturT'of £oi Aftlr I ^ * tUn9S ' en ' 3 f " ament ,em " 

the molybdenum film and the Si base material e dissolved^ an a^d to ^ ^ ' T SUriace was and 
film having a size of 1 0 mm x 10 mm x (thicknesTo I mj f J i fir^ ,1 h- 9 '^- ° Se,f " Standin 9 dia ™nd films, one 
a size of 10 mm x 10 mm x (thickness) 0 1 S (a second 2 ^f"^ 9 d,amond fil ™> the other film having 
about 40 ^, a width of about 200 Z V^l Z'JT JS! " d 'a™nd film). A groove having a depth of 

slanding diamond r„m s . A ,„ermal c M on J,^Ts ^JZteT? ^ Wh f ' rS ' M 5ec °" a s * 
«m) and , 6.9 W,crr,K „„ ,„e second se,f-s, B n0i„ g l^Z ZT landing diamond 

A ,ne rm „ .essence 0e_n ,ne d^ood ^S^S^^Z^^S^^"^, 
Example 19 

[0188] One scratched polycrystal Si base material (10 mm x 10 mm x HhicknP^ ■> mm x 

was grown on the base material bv a hot filament assisted CVD ™Th^H S X } W3S P rovided - Diamond 
2 %-hydrogen system, a pressure'of 100 1^.^^^^^ *T M ™ 3 meth3 - 

material temperature of 850°C After the growth a nrZh ^ n - a lament temperature of 2, 100°C and a base 
in an acid ,o give a self-standing Z^^^^ 0 ^^ * ^ ^ ^ diSS0,Ved 

denum film having a thickness of about 5 ,m a wSh 0 about 100 1 1^" " ( ^ ° 15 ^ After 3 mo1 ^- 
on the seff-stancling film, a diamond film was formed^J^ * ° f 3b ° Ul 200 ^ m was de P°si»ed 

and the molybdenum film was fJi^a^ZZl^^'Z ^ ^ 3b ° Ve " A ^ SUrface was P°"^ed 
sub. .t e had a height ot about SO ,m. aC^.^C ^ ^ ^ « h - 
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EFFECT OF THE- INVENTION 



— -— — — 



[0193] 

the high host dissipating property. 



15 Claims 



20 



25 3^ 



30 



35 



AO 



45 



CUimS • ,mi -91 -11 3-1 21 -20V221) having a thermal 

1 A substrate comprising a .ayer of a high thermal ^^^^ where in a channel providing a flow 
" conductivity of at least 10 W/crrvK and port, oned on a base maton. ( ^ ^ ^ cond tlVity 

ductivity materiallayer. 

rt . a to cl8im 1 whe rein said substrate is a heat-dissipating substrate. 
2. A substrate according to claim i, wmc.« lement having 

. ^ oavica according * Cam 4. - » — - ° — — '" e " 

„«„„,o claim 4 -haraintha semiconductor eiamsnUa a microprooassoc. 
6 . ™ d .v,ce accord . ^ ^ ^ ^ ^ ^ 

, * 0 ,o d a, m ,w h a,e,naw»on h acOao„ e lp™* 9 ano„pa 1 o I o I pa S s i n 9 «coo,^ 
8 The substrate according to claim i. wnu 
medium is from 20pm to 10 mm. 

' 

■ • H» rP of the channel providing a flow path for passing the cooling 

„ ^^—,00 X^ "S- * " — madi " m " 

med ' Um ' S " d ,o B ,oc,. iml „Ka rei n»,= H, B a mem a,cona U c ( ^™,a rt a„saa te a al o«.a S a m a,a rt a l 
13 The substrate according to claim 
* D y a mots! layer or fin adhesive layer. 
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Fig. 1 




Fig. 2 
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Fig. 3 



Fig. 4 
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Fig. 8 
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